A novel actinomycete, strain TVU1 T , was isolated from leaves of the indigenous South African plant Tulbaghia violacea. Applying a polyphasic approach, the isolate was identified as a member of the genus Micromonospora. Phylogenetic analysis of the 16S rRNA gene sequence showed that strain TVU1
The genus Micromonospora was proposed by Ørskov (1923) and is the type genus of the family Micromonosporaceae Krasil'nikov 1938 emend. Stackebrandt et al. 1997 (Kawamoto, 1989 . Distinguishing features of members of the genus Micromonospora include the formation of single, non-motile spores on the vegetative mycelium, which does not fragment, and the absence of aerial mycelium (Kawamoto, 1989) . Although the first antibacterial activity by a member of this genus was reported in 1942, it was the isolation of the aminoglycoside gentamicin from Micromonospora purpurea (reclassified as Micromonospora echinospora by Kasai et al., 2000) in 1963 that sparked the widespread screening of this genus for antibiotics (Wagman & Weinstein, 1980) . After Streptomyces, the genus Micromonospora is probably the second most prolific producer of antibiotics (Wagman & Weinstein, 1980) . Micromonosporae appear to be widely distributed in nature and have been isolated from a number of diverse sources, including a Thai peat swamp forest (Thawai et al., 2005) , water samples (Trujillo et al., 2005) and Antarctic sandstone (Hirsch et al., 2004) . Four recently described species are plant endophytes: Micromonospora coriariae was isolated from root nodules of the Mediterranean shrub Coriaria myrtifolia (Trujillo et al., 2006) ; Micromonospora lupini and Micromonospora saelicesensis were isolated from root nodules of the Mediterranean shrub Lupinus angustifolius (Trujillo et al., 2007) ; and Micromonospora pisi was isolated from root nodules of a pea plant, Pisum sativum (Garcia et al., 2010) .
The Cape Floral Kingdom hosts more than 9000 plant species. Even though over 3000 of these indigenous plant species have ethnobotanical applications (Van Wyk et al., 1997) , indigenous South African plants have not been systematically screened for novel endophytic micro-organisms. A novel actinomycete, TVU1
T , was isolated from leaves of the bulbous plant Tulbaghia violacea, which is a member of the onion family, Alliaceae (Manning, 2003) , during a screening programme of indigenous plants.
Leaves from T. violacea (wild garlic) were collected from an indigenous suburban garden in Wellington, approximately 60 km from Cape Town. The leaves were placed in sterile plastic bags, stored at 4 uC and processed within 24 h of collection. The identity of the plant species was confirmed from Joffe (1993) . Leaves were initially surface-sterilized by placing them in 70 % ethanol for 1 min, then soaking them in 1 % (v/v) NaOCl for 3 min, followed by rinsing twice in sterile distilled water. The surface-sterilized leaves were cut into 1 cm segments with sterile flamed scissors (Okazaki, 2003) (Demain & Davies, 1999) ], vortexed briefly and incubated at 30 u C for 30 min with agitation. The phosphate buffer leaf extract was serially diluted with sterile distilled water and a 100 ml aliquot of each dilution was spread-plated onto plant extract agar (400 ml plant extract, 8.5 g glucose, 4.5 g yeast extract and 17.5 g agar, water to 1 l, pH 6.6-6.8, autoclaved). The plant extract was prepared by placing 160 g cut-up T. violacea plant leaves in 1.2 l distilled water, bringing it to the boil and simmering for 30 min. The liquid was cooled, filtered through two coffee filters (House of Coffees, size 166; Perco) and stored in a sterile glass bottle at 220 uC (method adapted from Demain & Davies, 1999) . The isolation medium was supplemented with nalidixic acid (10 mg ml 21 ) and cycloheximide (50 mg ml
21
). The isolation plates were incubated at 28 u C for 14 days. Isolates were selected based on morphology and subcultured onto plant extract agar (without antibiotics) and incubated at 30 u C for 7 days.
Morphological and physiological testing was performed according to the methods of Shirling & Gottlieb (1966) and Williams et al. (1989) . Unless stated otherwise, all plates were incubated at 30 u C for the recommended periods. The colours of the substrate mycelium and spore mass, as well as the production of diffusible pigments, were determined on yeast extract-malt extract agar (International Streptomyces Project medium no. 2, ISP 2; Shirling & Gottlieb, 1966) . Utilization of carbon sources was tested according to the method of Shirling & Gottlieb (1966) . All carbon sources were filter-sterilized and tested at 1 % (w/v). Salt tolerance was tested on ISP 2; plates were incubated at 30 u C for 14 days. Antibiotic susceptibility was tested by incorporating the filter-sterilized antibiotics into sterile Bennett's medium (Atlas, 1993) to the final concentrations stated in the species description.
To test growth on potato slices, one small potato was cut into 161 cm blocks and half of the blocks were placed in a glass bottle and autoclaved. The remaining blocks were placed in a bottle containing approximately 5 g CaCO 3 , shaken to mix and then autoclaved. Potato slices were placed in sterile Petri dishes and inoculated with 50 ml spore suspension. Plates were sealed with Parafilm to prevent dehydration of the potato slices and incubated at 28 u C for 14 days.
Growth under anaerobic conditions was tested on carbon utilization agar (ISP 9; Shirling & Gottlieb, 1966) with glucose as the sole carbon source and on ATCC medium 172 (http://www.lgcstandards-atcc.org/Attachments/2915. pdf) with the exception that the N-Z amine type A was substituted with Casitone (Difco). When the plates were initially placed in the anaerobic chamber, they were each opened for 5 s to ensure that all residual O 2 was removed before being sealed in a plastic bag. Plates were incubated anaerobically at 25 u C for 21 days (model 1024 anaerobic chamber; Forma Scientific) in an atmosphere comprising 5 % H 2 : 10 % CO 2 : 85 % N 2 .
For scanning electron microscopy, cultures were grown on ISP 2 agar for 14 days at 28 u C. Agar blocks containing sporulating vegetative mycelium were cut from the growth medium and frozen in liquid nitrogen prior to viewing by cryo-scanning electron microscopy.
Antimicrobial activity against Enterococcus faecium (VanA, clinical isolate), Escherichia coli ATCC 25922, Mycobacterium aurum A+ and Staphylococcus aureus ATCC 25923 was assessed on 11-day-old stab-inoculated actinomycete cultures by standard agar overlays. Strain TVU1
T was stab-inoculated into ISP 2 agar, Czapek's solution agar (Atlas, 1993) and Difco Middlebrook 7H9 agar (Becton Dickinson) supplemented with 10 mM glucose (ADC supplement omitted) and incubated at 30 u C for 11 days.
For chemotaxonomic analysis, the isolate was grown in 100 ml ISP 2 broth for 5 days at 30 u C with shaking. The cell mass was collected by centrifugation, washed twice with 100 ml sterile distilled water and freeze-dried. For diaminopimelic acid analysis, samples were prepared according to the method of Staneck & Roberts (1974) and analysed according to the method of Hasegawa et al. (1983) . A modified version of the Hasegawa et al. (1983) method was used for sugar analysis. The solvent system used for sugar analysis was ethyl acetate/pyridine/water (100 : 35 : 25, by vol.).
Genomic DNA was extracted as described previously (Wood et al., 2007) . 16S rRNA gene amplification was performed as described by Cook & Meyers (2003) . For rapid genus identification, the resulting amplicons were restricted singly with MboI (isoschizomer of Sau3AI), VspI (isoschizomer of AsnI), SphI, SnaBI and SalI according to the method of Cook & Meyers (2003) . The amplified 16S rRNA gene was purified with an MSB Spin PCRapace kit (Invitek). Sequencing reactions were performed using a Big Dye terminator v3.1 Cycle Sequencing kit (Applied Biosystems) and analysed on an Applied Biosystems 3130 Genetic Analyzer. Local alignments were obtained by performing a standard nucleotide-nucleotide BLAST search (BLASTN) (Altschul et al., 1997) of GenBank. For phylogenetic analysis, sequences were aligned using CLUSTAL_X version 1.81 (Thompson et al., 1997) . Neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Fitch, 1971) trees were constructed using MEGA version 3.1 (Kumar et al., 2004) . DNA-DNA hybridization was performed by the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) GmbH Identification Service (Braunschweig, Germany) using the spectrophotometric method of De Ley et al. (1970) , incorporating the modifications described by Huß et al. (1983) . The results reported are the mean values from two hybridization experiments±standard deviation.
The gyrB gene was amplified as two overlapping fragments (covering a total of approximately 1.5 kb) using primers 7G-gyrB-F (le Roes et al., 2008)+KgyrB-R and GgyrB-F2+7G-gyrB-R (Everest & Meyers, 2009 ). Primer KgyrB-R (59-CGATCCGGGCCTTCTCGACGTTCAG-39) was based on the partial gyrB sequences from Kribbella alba DSM 15500 T (EU434820), Kribbella antibiotica DSM 15501 T (EU434819) and Kribbella solani CIP 108508 T (EU434813); primer GgyrB-F2 (59-CAGTTCGAGGGHCAGACSAAGAC-39) was modified from primer GYRBF2 of Shen et al. (2006) . To ensure that none of the primers would amplify the gyrB paralogue (parE), all primers were aligned with the parE gene sequences from Corynebacterium glutamicum ATCC 13032 T (BA000036), Streptomyces avermitilis MA-4680 T (BA000030) and Streptomyces griseus subsp. griseus NBRC 13350 (AP009493). PCR was carried out in 50 ml reaction volumes. Each reaction contained 4 mM MgCl 2 , 0.1 U SuperTherm Taq polymerase (JMR Holdings), 150 mM of each dNTP, 0.5 mM of each primer and 500-1000 ng template DNA. The PCR programme used was an initial denaturation at 96 u C for 2 min, followed by 30 cycles of denaturation (96 u C for 45 s), annealing (56 u C for 30 s) and extension (72 u C for 2 min), and a final extension at 72 u C for 5 min. PCR products were electrophoresed on 1 % agarose gels containing 0.8 mg ethidium bromide ml 21 and visualized on a GelDoc XR System (Bio-Rad). The resulting amplicons were purified and sequenced as described above.
According to the rapid genus identification method of Cook & Meyers (2003) , the isolate was identified as belonging to the genus Micromonospora. A standard 16S rRNA gene BLASTN search of GenBank showed that strain TVU1 T (1435 bp) was most closely related to M. echinospora ATCC 15837 T (99.4 % similarity), but the phylogenetic tree showed that there was low bootstrap support (42 %) for this association ( Fig. 1 ; a phylogenetic tree containing all recognized species of the genus Micromonospora is shown in Supplementary Fig. S1 T , supported by a bootstrap value of 100 % (Fig. 2) . The overall topologies of the 16S rRNA gene and gyrB gene trees were different, with only the close relationship between M. aurantiaca NBRC 16155 T and M. chalcea NBRC 13503 T being maintained. As the overall topology of a tree can be affected by the number of sequences included in the analysis, a second 16S rRNA gene tree ( Supplementary Fig. S2 , available in IJSEM Online) was constructed using only those strains included in the gyrB gene sequence analysis shown in Fig. 2 . The topology of this smaller 16S rRNA gene tree was similar to the 16S rRNA gene tree that included all type strains of the genus Micromonospora, thus indicating that the change in the closest relatives of strain TVU1 T between the 16S rRNA and gyrB gene trees was not a technical effect (i.e. not due to the number of sequences used in the analysis). This suggests that there has been horizontal transfer of the gyrB and/or 16S rRNA genes between members of the genus Micromonospora. A previous study by Kasai et al. (2000) found that within the genus Micromonospora, phylogenetic trees based on gyrB gene sequences were different from those based on the 16S rRNA gene. They determined that a gyrB-based genetic distance of 0.014 would correspond to 70 % DNA-DNA relatedness and that the gyrB gene was superior at inferring intrageneric relationships (Kasai et al., 2000) . However, if there has been horizontal transfer of the gyrB gene in this genus, the conclusion The hash ( # ) denotes the cluster that was conserved using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Fitch, 1971) methods to construct the phylogenetic trees. The asterisk (*) denotes the cluster that was conserved using the neighbour-joining and minimum-evolution methods to construct the phylogenetic trees.
that the gyrB gene is more useful for determining interspecies relationships than the 16S rRNA gene must be questioned. Indeed, it seems that multilocus sequence analysis of the entire genus will be necessary to gauge the extent of horizontal gene transfer in this genus and to assess the relationships between the recognized species. The gyrB-based genetic distance, determined using Kimura's two-parameter model (Kimura, 1980) , between strain TVU1 T and M. aurantiaca NBRC 16155 T was 0.022, whereas the distance between strain TVU1 T and M. chalcea NBRC 13503 T was 0.034 (i.e. well above the 0.014 threshold and therefore indicating that the DNA-DNA relatedness between these pairs of strains would be expected to be ,70 %). To determine whether strain TVU1
T does indeed represent a distinct genomic species, DNA-DNA hybridization studies were performed between strain TVU1
T and the type strains of M. aurantiaca and M. chalcea. The DNA-DNA relatedness values of strain TVU1
T with M. aurantiaca DSM 43813 T and M. chalcea DSM 43026 T were 45.9±2.0 and 60.9±4.5 %, respectively. These findings clearly distinguish strain TVU1
T as a separate genomic species.
Strain TVU1 T was characterized by the presence of mesodiaminopimelic acid as the diagnostic diaminoacid of the cell-wall peptidoglycan and by the presence of glucose, ribose and xylose in its whole-cell hydrolysates. Morphologically, strain TVU1
T was characterized by the formation of medium brown vegetative mycelium on ISP 2 agar. The colonies became dark brown upon sporulation. Strain TVU1
T formed spores with smooth surfaces, which were on sporophores borne on the branching hyphae (Fig.  3) Description of Micromonospora tulbaghiae sp. nov.
Micromonospora tulbaghiae (tul.ba.ghi9ae. N.L. gen. fem. n. tulbaghiae of/from Tulbaghia, the genus name of Tulbaghia violacea, the host of the organism).
Gram-stain-positive. Aerial mycelium is not formed. Substrate mycelium is medium brown on ISP 2 agar. Colonies become dark brown upon sporulation. Diffusible pigments are not produced. Grows on ISP 2 agar in the presence of 5 % (w/v) NaCl. Degrades casein, gelatin, starch and Tween 80. H 2 S is produced, but nitrate is not reduced. Grows at 4-37 u C, but not at 45 u C. Growth only T and all species of the genus Micromonospora with published gyrB gene sequences. The phylogenetic tree is based on 935 bp and was constructed using the neighbour-joining method. Bootstrap values are based on 1000 resampled datasets and only values .40 % are shown. Bar, 0.01 nt substitutions per nucleotide site. The hash (#) denotes the cluster that was conserved using the neighbour-joining (Saitou & Nei, 1987) , minimumevolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Fitch, 1971) methods to construct the phylogenetic trees. T 5NRRL B-24576 T ), was isolated from leaves of wild garlic, Tulbaghia violacea. Horan & Brodsky (1986) .
